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Strong decays of Ξc baryons with radial or orbital λ- and ρ- modes excitations with positive parity
have been studied in a 3P0 model. As candidates of these kinds of excited charmed strange baryons,
possible configurations and JP quantum numbers of Ξc(2930), Ξc(2980), Ξc(3055), Ξc(3080) and
Ξc(3123) have been assigned based on experimental data. There are 40 kinds of configurations to
describe the first radial or orbital excited Ξc in λ- and ρ- mode excitations with positive parity. In
these assignments, Ξc(2930) may be a 2S-wave excited Ξ˜c1(
1
2
+
) or Ξ˜c1(
3
2
+
), or a D-wave excited
Ξˆ
′
c1(
1
2
+
), Ξˇ 0c1(
1
2
+
), Ξˇ 2c1(
1
2
+
), Ξˆ
′
c1(
3
2
+
), Ξˇ 0c1(
3
2
+
) or Ξˇ 2c1(
3
2
+
). Ξc(2980)
+ may be a 2S-wave excited
Ξ˜c1(
1
2
+
) or Ξ˜
′
c0(
1
2
+
) with JP = 1
2
+
, or a D-wave excited Ξˇ
′
0
c0(
1
2
+
) or Ξˇ 0c1(
1
2
+
) with JP = 1
2
+
.
Ξc(3055)
+ may be a 2S-wave excited Ξ´
′
c1(
3
2
+
) or Ξ´c0(
1
2
+
). It may be a D-wave excited Ξ
′
c1(
3
2
+
),
Ξ
′
c2(
5
2
+
), Ξc2(
3
2
+
) or Ξc2(
5
2
+
). Ξc(3080)
+ is very possibly a 2S-wave excited Ξ´c0(
1
2
+
), and seems
not a D-wave excitation of Ξc. For the poor experimental information of Ξc(3123), it is impossible
to identify this state at present. It is found that the channel ΛD vanishes in the strong decay of
P -wave, D-wave and 2S-wave excited Ξc without ρ- mode excitation between the two light quarks
(nρ = Lρ = 0). In different configurations, some branching fraction ratios related to the internal
structure of the 2S-wave and D-wave of Ξc are different. These ratios have been computed and can
be employed to distinguish different configurations in forthcoming experiments.
PACS numbers:
I. INTRODUCTION
In past years, many charmed strange baryons such
as Ξc(2790), Ξc(2815), Ξc(2980), Ξc(3055) and Ξc(3080)
have been observed in different experiments [1]. Measure-
ments of their masses, widths or some branching fraction
ratios have been reported. Structure (Ξc(2930)) centered
at an invariant mass of 2.93 GeV/c2 in the Λ+c K
− mass
distribution of the decay B− → Λ+c Λ¯
−
c K
− was observed
by BaBar collaboration [2]. Evidence for Ξc(3123) de-
caying into intermediate-resonant mode Σc(2520)K was
found by BaBar collaboration [3] though no signature
∗Electronic address: zhangal@staff.shu.edu.cn
was seen in the same mode by Belle collaboration [4].
Unfortunately, neither the spin nor the parity of these
Ξc has been measured.
In these Ξc, Ξc(2790) and Ξc(2815) are believed the
P -wave excited Ξc with J
P = 12
−
and JP = 32
−
, re-
spectively. However, there are different interpretations of
Ξc(2930), Ξc(2980), Ξc(3055), Ξc(3080) and Ξc(3123) [5–
24]. Study of their hadronic decays is an important way
to understand the structure and dynamics of these ex-
cited Ξc.
3P0 model as a phenomenological method has been
employed successfully to study the Okubo-Zweig-Iizuka
(OZI)-allowed hadronic decays of hadrons [25–28]. In
Ref. [23], Ξc(2930), Ξc(2980), Ξc(3055), Ξc(3080) and
2Ξc(3123) as possible P -wave excited Ξc candidates have
been systematically studied through their strong decay
in the model, but other possible assignments of these
excited Ξc are reserved. As a subsequent study, possi-
ble 2S-wave or D-wave excitation assignments will be
explored in this paper, which consists of a comprehen-
sive understanding of the observed Ξc(2930), Ξc(2980),
Ξc(3055), Ξc(3080) and Ξc(3123).
The paper is organized as follows. In Sec. II, we give a
brief review of the 3P0 model and present some notations
of Ξc baryons. Numerical results for hadronic decays of
these Ξc are presented in Sec. III. In the last section, we
give our conclusions and discussions.
II. THE 3P0 MODEL AND SOME NOTATIONS
OF Ξc BARYONS
Although the intrinsic mechanism and the relation to
the Quantum Chromodynamics are not clear, the 3P0
model has been employed successfully to study the OZI-
allowed strong decays of hadrons by many authors after
its proposal [25–28].
There are three possible rearrangements for the decay
process of a Ξc baryon as indicated in Ref. [23],
A(q1s2c3) + P (q4q5)→ B(q4s2c3) + C(q1q5) (1)
A(q1s2c3) + P (q4q5)→ B(q1q4c3) + C(s2q5) (2)
A(q1s2c3) + P (q4q5)→ B(q1q4s2) + C(c3q5), (3)
where qi denotes a u or d quark. s2 and c3 denote a
strange and a charm quark, respectively.
In the 3P0 model, a hadronic decay width Γ of a process
A→ B + C follows [28],
Γ = π2
|~p|
m2A
1
2JA + 1
∑
MJAMJBMJC
|MMJAMJBMJC |2 (4)
with a helicity amplitude MMJAMJBMJC [18, 20, 23, 29]
δ3(~pB + ~pC − ~pA)M
MJAMJBMJC
= −γ
√
8EAEBEC
∑
MρA
∑
MLA
∑
MρB
∑
MLB
∑
MS1 ,MS3 ,MS4 ,m
〈JlAMJlAS3MS3 |JAMJA〉〈LρAMLρALλAMLλA |LAMLA〉
〈LAMLAS12MS12 |JlAMJlA 〉〈S1MS1S2MS2 |S12MS12〉
〈JlBMJlBS3MS3 |JBMJB 〉〈LρBMLρBLλBMLλB |LBMLB〉
〈LBMLBS14MS14 |JlBMJlB 〉〈S1MS1S4MS4 |S14MS14〉
〈1m; 1−m|00〉〈S4MS4S5MS5 |1−m〉
〈LCMLCSCMSC |JCMJC 〉〈S2MS2S5MS5 |SCMSC〉
× 〈ϕ1,4,3B ϕ
2,5
C |ϕ
1,2,3
A ϕ
4,5
0 〉 × I
MLA ,m
MLB ,MLC
(~p) (5)
in which the spatial integral
I
MLA ,m
MLB ,MLC
(~p) =
∫
d~p1d~p2d~p3d~p4d~p5
× δ3(~p1 + ~p2 + ~p3 − ~pA)δ
3(~p4 + ~p5)
× δ3(~p1 + ~p4 + ~p3 − ~pB)δ
3(~p2 + ~p5 − ~pC)
×Ψ∗B(~p1, ~p4, ~p3)Ψ
∗
C(~p2, ~p5)
×ΨA(~p1, ~p2, ~p3)y1m
(
~p4 − ~p5
2
)
. (6)
Details of the indices, matrix elements, and other nota-
tions in the 3P0 model can be found in Refs. [18, 20, 23,
28–30].
In our calculation, notations for the excited baryons
are the same as those in Refs. [17, 18, 20, 23]. In Table I,
nρ and Lρ denote the nodal and the orbital angular mo-
mentum between the two light quarks, nλ and Lλ denote
the nodal and the orbital angular momentum between
the charm quark and the two light quark system. L is
the total orbital angular momentum of Lρ and Lλ, Sρ de-
notes the total spin of the two light quarks, and Jl is total
angular momentum of L and Sρ. J is the total angular
momentum of the baryons. In Table I, the acute, the
tilde, the hat and the check are employed to denote the
baryons with nλ = 1, nρ = 1, Lρ = 2 and Lρ = 1, respec-
tively. For Ξˇ LcJl , a superscript L is specialized to denote
different total angular momentum. For Ξc baryons, there
are 40 different configurations to describe the first radial
3(6 types, denoted as 2S-wave in the following) or orbital
(34 types, denoted as D-wave) excitations in λ- and ρ-
modes with positive parity. The JP quantum numbers of
these 2S- and D-wave charmed strange baryons are also
given in Table I.
The parameters involved in the 3P0 model are chosen
the same as those in Ref. [23], where the experimental
data of Ξc(2645), Ξc(2790) and Ξc(2815) is well repro-
duced. The input of masses of baryons and mesons in
this work are from the PDG [1].
III. HADRONIC DECAYS OF Ξc BARYONS
As candidates of 2S or D excitations of Ξc, main decay
modes and relevant hadronic decay widths of Ξc(2930),
Ξc(2980), Ξc(3055)
+, Ξc(3080)
+ and Ξc(3123)
+ in dif-
ferent assignments are computed and presented in Ta-
bles II-XI, respectively. The vanish modes in these tables
indicate forbidden channels or channels with very small
decay width. The “· · · ” in these tables indicates that
there exists no such term. Γsum indicates summation of
presented partial decay widths. Some ratios of branching
fractions related to experiments are particularly given.
1. Ξc(2930)
The signal of Ξc(2930) was found in the Λ
+
c K
− mass
distribution with Γ = 36± 7± 11 MeV by BaBar collab-
oration [2]. So far, this signal has not been observed by
any other experiment.
If Ξc(2930) is a 2S-wave excitation, its OZI-allowed
hadronic decay channels and widths are presented in Ta-
ble II. From this table, the Ξ˜
′
c0(
1
2
+
) or Ξ´c0(
1
2
+
) possibility
of Ξc(2930) is excluded since the theoretically forbidden
decay mode Λ+c K
− was observed by experiment. The
Ξ´c1(
1
2
+
) or Ξ´c1(
3
2
+
) possibility is excluded either for a
narrow decay width. Our results indicate that Ξc(2930)
may be a Ξ˜c1(
1
2
+
) or Ξ˜c1(
3
2
+
). In order to distinguish
these two possibilities, measurements of the different ra-
TABLE I: Quantum numbers of 2S-wave and 1D-wave exci-
tations
Assignments J Jl nρ Lρ nλ Lλ L Sρ
Ξ´
′
c1(
1
2
+
) 1
2
1 0 0 1 0 1 1
Ξ´
′
c1(
3
2
+
) 3
2
1 0 0 1 0 1 1
Ξ´c0(
1
2
+
) 1
2
0 0 0 1 0 1 0
Ξ˜c1(
1
2
+
) 1
2
1 1 0 0 0 1 1
Ξ˜c1(
3
2
+
) 3
2
1 1 0 0 0 1 1
Ξ˜
′
c0(
1
2
+
) 1
2
0 1 0 0 0 1 0
Ξ
′
c1(
1
2
+
, 3
2
+
) 1
2
, 3
2
1 0 0 0 2 2 1
Ξ
′
c2(
3
2
+
, 5
2
+
) 3
2
, 5
2
2 0 0 0 2 2 1
Ξ
′
c3(
5
2
+
, 7
2
+
) 3
2
, 5
2
3 0 0 0 2 2 1
Ξc2(
3
2
+
, 5
2
+
) 3
2
, 5
2
2 0 0 0 2 2 0
Ξˆ
′
c1(
1
2
+
, 3
2
+
) 1
2
, 3
2
1 0 2 0 0 2 1
Ξˆ
′
c2(
3
2
+
, 5
2
+
) 3
2
, 5
2
2 0 2 0 0 2 1
Ξˆ
′
c3(
5
2
+
, 7
2
+
) 3
2
, 5
2
3 0 2 0 0 2 1
Ξˆc2(
3
2
+
, 5
2
+
) 3
2
, 5
2
2 0 2 0 0 2 0
Ξˇ
′
0
c0(
1
2
+
) 1
2
0 0 1 0 1 0 0
Ξˇ
′
1
c1(
1
2
+
, 3
2
+
) 1
2
, 3
2
1 0 1 0 1 1 0
Ξˇ
′
2
c2(
3
2
+
, 5
2
+
) 3
2
, 5
2
2 0 1 0 1 2 0
Ξˇ 0c1(
1
2
+
, 3
2
+
) 1
2
, 3
2
1 0 1 0 1 0 1
Ξˇ 1c0(
1
2
+
) 1
2
0 0 1 0 1 1 1
Ξˇ 1c1(
1
2
+
, 3
2
+
) 1
2
, 3
2
1 0 1 0 1 1 1
Ξˇ 1c2(
3
2
+
, 5
2
+
) 3
2
, 5
2
2 0 1 0 1 1 1
Ξˇ 2c1(
1
2
+
, 3
2
+
) 1
2
, 3
2
1 0 1 0 1 2 1
Ξˇ 2c2(
3
2
+
, 5
2
+
) 3
2
, 5
2
2 0 1 0 1 2 1
Ξˇ 2c3(
5
2
+
, 7
2
+
) 5
2
, 7
2
3 0 1 0 1 2 1
4tios, B2 = B(Ξc(2930)
+ → Ξ
′0
c π
+)/B(Ξc(2930)
+ →
Ξc(2645)
0π+) = 2.5 ∼ 4.1 for Ξ˜c1(
1
2
+
) and the B2 =
0.3 ∼ 0.4 for Ξ˜c1(
3
2
+
), will be helpful.
If Ξc(2930) is a D-wave excitation, its OZI-allowed
hadronic decay channels and widths are presented in Ta-
ble III. Obviously, the 20 possibilities with a theoreti-
cally forbidden Λ+c K
− decay channel which was observed
by experiment seem impossible. The 6 configurations
with jl = 3 have tiny total decay widths, so the as-
signments of Ξc(2930) with Ξ
′
c3(
5
2
+
), Ξ
′
c3(
7
2
+
), Ξˆ
′
c3(
5
2
+
),
Ξˆ
′
c3(
7
2
+
), Ξˇ 2c3(
5
2
+
) or Ξˇ 2c3(
7
2
+
) could be excluded. The
Ξ
′
c1(
1
2
+
) or Ξ
′
c1(
3
2
+
) possibility seems impossible either
for a narrow width. There are 6 possible assignments
left for Ξc(2930). In other words, Ξc(2930) may be
a Ξˆ
′
c1(
1
2
+
), Ξˇ 0c1(
1
2
+
) or Ξˇ 2c1(
1
2
+
) with quantum num-
bers JP = 12
+
, it could be a Ξˆ
′
c1(
3
2
+
), Ξˇ 0c1(
3
2
+
) or
Ξˇ 2c1(
3
2
+
) with quantum numbers JP = 32
+
. With these
two different JP quantum numbers, the ratios B2 =
B(Ξc(2930)
+ → Ξ
′0
c π
+)/B(Ξc(2930)
+ → Ξc(2645)
0π+)
are different. Therefore, measurements of these ratios
in the future are important for the identification of
Ξc(2930).
In Ref. [23], the assignments of Ξc(2930) with the P -
wave excitations (JP = 12
−
, 32
−
and 32
−
) were also advo-
cated in the 3P0 model. Therefore, Ξc(2930) may be a
P -wave, D-wave, or 2S-wave excitation of Ξc. More ex-
perimental information on the branching fraction ratios
is required for its identification.
2. Ξc(2980)
Ξc(2980)
+ was first observed by Belle collaboration
in the Λ+c K
−π+ channel with Γ = 43.5 ± 7.5 ± 7.0
MeV [31] and confirmed by BaBar collaboration in
the intermediate resonant mode Σc(2455)
+K− [2]. It
was subsequently observed by Belle collaboration in the
Ξc(2645)
0π+ decay channel [32]. In Ref. [33], some new
measurements of Ξc(2980)
+ were presented. In partic-
ular, the branching fraction ratio of B(Ξc(2980)
+ →
Ξ
′0
c π
+)/B(Ξc(2815)
+ → Ξc(2645)
0π+,Ξc(2645)
0 →
Ξ+c π
−) ≈ 75% was reported, which indicates that
Ξc(2980)
+ decays significantly into Ξ
′
cπ
+. The decay of
Ξc(2980)
+ into ΛcK or Ξcπ mode has not been observed
in experiment. In the 3P0 model, decay channels and
relevant decay widths of Ξc(2980)
+ as a 2S-wave or a
D-wave excitation are given in Table IV and Table V,
respectively.
From Table IV, assignment of Ξc(2980)
+ with Ξ´
′
c1(
3
2
+
)
or Ξ˜c1(
3
2
+
) seems not reasonable for a large deviation
of the branching fraction ratio B
′
2 between theory and
experiment. Assignment of Ξc(2980)
+ with Ξ´
′
c1(
1
2
+
) or
Ξ´c0(
1
2
+
) could be excluded either for a narrow decay
widths. Ξc(2980)
+ is very possibly a radial excitation
Ξ˜c1(
1
2
+
) or Ξ˜
′
c0(
1
2
+
) with JP = 12
+
. In the case as a
Ξ˜
′
c0(
1
2
+
) with JP = 12
+
, the decay mode ΛcK vanishes.
In these assignment, Ξc(2980)
+ has a total decay width
and branching fraction ratio B′2 consistent with experi-
mental data from Belle collaboration.
From the branching fraction ratio B′2 in Table V,
Ξc(2980)
+ can only be assigned as a Ξˇ
′0
c0(
1
2
+
) or Ξˇ 0c1(
1
2
+
)
with JP = 12
+
in the case as a D-wave excitation.
In these assignments, Ξc(2980)
+ has also a total decay
width comparable with experiment.
In Ref. [23], it was indicated that Ξc(2980)
+
could be identified as a P -wave excitation Ξ
′
c1(
1
2
−
)
with JP = 12
−
. Obviously, there are three pos-
sible assignments for Ξc(2980)
+ once the 2S-wave
and D-wave possibilities have been taken into ac-
count. However, the ratios B2 = B(Ξc(2980)
+ →
Ξ
′0
c π
+)/B(Ξc(2980)
+ → Ξc(2645)
0π+) and B3 =
B(Ξc(2980)
+ → Σc(2455)
++K−)/B(Ξc(2980)
+ →
5TABLE II: Decay widths (MeV) of Ξc(2930)
+ as the 2S-wave excitations. B2 = B(Ξc(2930)
+
→ Ξ
′
0
c pi
+)/B(Ξc(2930)
+
→
Ξc(2645)
0pi+)
ΞcJl(J
P ) nλ Lλ nρ Lρ Sρ Ξcpi Ξ
′
cpi Ξc(2645)pi ΛcK Γtotal B2
Ξ´
′
c1(
1
2
+
) 1 0 0 0 1 0.1 ∼ 2.9 0.4 ∼ 2.1 0.2 ∼ 0.5 0.3 ∼ 2.3 1.0 ∼ 7.8 2.5 ∼ 4.1
Ξ´
′
c1(
3
2
+
) 1 0 0 0 1 0.1 ∼ 2.9 0.1 ∼ 0.5 0.5 ∼ 1.3 0.3 ∼ 2.3 1.0 ∼ 7.0 0.3 ∼ 0.4
Ξ´c0(
1
2
+
) 1 0 0 0 0 0 0.3 ∼ 1.6 0.6 ∼ 1.5 0 0.9 ∼ 3.1 0.6 ∼ 1.2
Ξ˜c1(
1
2
+
) 0 0 1 0 1 1.2 ∼ 26 4.2 ∼ 19 1.7 ∼ 4.6 2.3 ∼ 21 9.3 ∼ 70 2.5 ∼ 4.1
Ξ˜c1(
3
2
+
) 0 0 1 0 1 1.2 ∼ 26 1.0 ∼ 4.7 4.2 ∼ 11 2.3 ∼ 21 8.7 ∼ 63 0.3 ∼ 0.4
Ξ˜
′
c0(
1
2
+
) 0 0 1 0 0 0 3.1 ∼ 14 5.1 ∼ 14 0 8.2 ∼ 28 0.6 ∼ 1.0
Ξc(2645)
0π+) are different in these three different as-
signments. As shown in Ref. [23], the ratios B2 and B3
of Ξc(2980) as Ξ
′
c1(
1
2
−
) are 7.0 ∼ 77 and 36 ∼ 144, re-
spectively. From Tables IV-V, the ratios B2 and B3 of
Ξc(2980) as Ξˇ
′
c0(
1
2
+
) are 0.5 ∼ 0.9 and 0.5 ∼ 0.3, re-
spectively. The ratios B2 and B3 of Ξc(2980) as Ξˇc1(
1
2
+
)
are 1.8 ∼ 3.4 and 2.1 ∼ 1.1, respectively. Obviously, the
measurements of these ratios such as B2 or B3 are impor-
tant for the identification of Ξc(2980)
+ in the future.
3. Ξc(3055)
Ξc(3055)
+ with a total decay width ΓΞc(3055)+ = (7.8±
1.9) MeV was observed in the Σc(2455)
++K− and ΛD+
channels [4]. In particular, the ratio of branching fraction
was also measured in experiment,
ΓΞc(3055)+→ΛD+
ΓΞc(3055)+→Σc(2455)++K−)
= 5.09±1.01(stat)±0.76(sys).
If Ξc(3055)
+ is considered as a 2S-wave excitation, the
numerical results are presented in Table VI.
Once the theoretical results from Table VI are com-
pared with experimental data under some uncertainties,
Ξc(3055)
+ is possibly a Ξ´
′
c1(
3
2
+
) or Ξ´c0(
1
2
+
). However,
the features of their decays into Ξcπ and ΛcK modes are
different in these two different assignments. In the case
of Ξ´
′
c1(
3
2
+
), the modes Ξcπ and ΛcK may be observed
while these modes vanish in the case of Ξ´c0(
1
2
+
).
If Ξc(3055)
+ is considered as a D-wave excitation, the
results are given in Table VII.
From this table, the 26 types of configura-
tions with vanish ΛD+ channel seem impossible for
Ξc(3055)
+. Ξ
′
c1(
1
2
+
) or Ξ
′
c2(
3
2
+
) seems impossi-
ble for the large predicted total width. Ξ
′
c3(
5
2
+
)
or Ξ
′
c3(
7
2
+
) seems impossible either for a too much
small or large ratio B6 = B(Ξc(3055)
+ →
ΛD+)/B(Ξc(3055)
+ → Σc(2455)
++K−) in compari-
son with experiment. Ξc(3055)
+ may be a Ξ
′
c1(
3
2
+
),
Ξ
′
c2(
5
2
+
), Ξc2(
3
2
+
) or Ξc2(
5
2
+
). In the case of Ξ
′
c1(
3
2
+
),
Ξc(3055)
+ has a non-vanish Ξcπ or ΛcK mode, while
these modes vanish in other three assignments. In
particular, Ξc(3055)
+ as a Ξc2(
3
2
+
) decays mainly into
Σc(2455)
++K− and ΛD+ modes, which is also consistent
with the experiments. Similar conclusions were obtained
in a chiral quark model [19] and from the EHQ decay
formula [35].
The ratios B4 = B(Ξc(3055)
+ →
Σc(2520)
++K−)/B(Ξc(3055)
+ → Σc(2455)
++K−) and
B5 = B(Ξc(3055)
+ → Ξc(2645)
0π+)/B(Ξc(3055)
+ →
Σc(2455)
++K−) of Ξc(3055)
+ are obviously different in
these four possible assignments, which could be employed
to identify Ξc(3055)
+ in forthcoming experiments.
In Ref. [20], Ξc(3055)
+ was assigned with a Ξˆ′c3(
5
2
+
)
or Ξˇ2c3(
5
2
+
) with JP = 52
+
, it was also assigned with
a Ξˆ′c3(
7
2
+
) or Ξˇ2c3(
7
2
+
) with JP = 72
+
. As indicated in
6TABLE III: Decay widths (MeV) of Ξc(2930)
+ as the D-wave excitations. B2 = B(Ξc(2930)
+
→ Ξ
′
0
c pi
+)/B(Ξc(2930)
+
→
Ξc(2645)
0pi+)
ΞcJl(J
P ) nλ Lλ nρ Lρ Sρ Ξcpi Ξ
′
cpi Ξc(2645)pi ΛcK Γtotal B2
Ξ
′
c1(
1
2
+
) 0 2 0 0 1 2.0 ∼ 5.2 0.6 ∼ 0.8 0.2 ∼ 0.2 1.9 ∼ 3.9 4.7 ∼ 10 3.3 ∼ 4.3
Ξ
′
c1(
3
2
+
) 0 2 0 0 1 2.0 ∼ 5.2 0.1 ∼ 0.2 0.4 ∼ 0.5 1.9 ∼ 3.9 4.5 ∼ 9.9 0.3 ∼ 0.4
Ξ
′
c2(
3
2
+
) 0 2 0 0 1 0 1.3 ∼ 1.9 0.2 ∼ 0.2 0 1.4 ∼ 2.1 7.6 ∼ 10
Ξ
′
c2(
5
2
+
) 0 2 0 0 1 0 0.05 ∼ 0.01 0.9 ∼ 1.1 0 1.0 ∼ 1.1 0.05 ∼ 0.01
Ξ
′
c3(
5
2
+
) 0 2 0 0 1 0.6 ∼ 0.2 0.06 ∼ 0.01 0.01 ∼ 0.0 0.3 ∼ 0.08 0.9 ∼ 0.3 4.5 ∼ 5.1
Ξ
′
c3(
7
2
+
) 0 2 0 0 1 0.6 ∼ 0.2 0.03 ∼ 0.0 0.02 ∼ 0.0 0.3 ∼ 0.08 0.9 ∼ 0.3 1.9 ∼ 2.1
Ξc2(
3
2
+
) 0 2 0 0 0 0 0.8 ∼ 1.3 0.1 ∼ 0.1 0 1.0 ∼ 1.4 6.8 ∼ 10
Ξc2(
5
2
+
) 0 2 0 0 0 0 0.07 ∼ 0.02 0.6 ∼ 0.7 0 0.7 ∼ 0.7 0.1 ∼ 0.02
Ξˆ
′
c1(
1
2
+
) 0 0 0 2 1 18 ∼ 47 5.1 ∼ 7.6 1.5 ∼ 1.8 17 ∼ 35 42 ∼ 91 3.3 ∼ 4.3
Ξˆ
′
c1(
3
2
+
) 0 0 0 2 1 18 ∼ 47 1.3 ∼ 1.9 3.8 ∼ 4.5 17 ∼ 35 40 ∼ 88 0.3 ∼ 0.4
Ξˆ
′
c2(
3
2
+
) 0 0 0 2 1 0 11 ∼ 17 1.5 ∼ 1.7 0 13 ∼ 19 7.6 ∼ 10
Ξˆ
′
c2(
5
2
+
) 0 0 0 2 1 0 0.4 ∼ 0.1 8.3 ∼ 9.7 0 8.8 ∼ 9.8 0.05 ∼ 0.01
Ξˆ
′
c3(
5
2
+
) 0 0 0 2 1 5.3 ∼ 1.7 0.5 ∼ 0.1 0.1 ∼ 0.03 2.6 ∼ 0.8 8.6 ∼ 2.6 4.6 ∼ 5.1
Ξˆ
′
c3(
7
2
+
) 0 0 0 2 1 5.3 ∼ 1.7 0.3 ∼ 0.07 0.2 ∼ 0.03 2.6 ∼ 0.8 8.4 ∼ 2.6 1.9 ∼ 2.1
Ξˆc2(
3
2
+
) 0 0 0 2 0 0 7.6 ∼ 11 1.1 ∼ 1.1 0 8.7 ∼ 13 6.8 ∼ 10
Ξˆc2(
5
2
+
) 0 0 0 2 0 0 0.7 ∼ 0.2 5.6 ∼ 6.5 0 6.3 ∼ 6.7 0.1 ∼ 0.03
Ξˇ
′
0
c0(
1
2
+
) 0 1 0 1 0 0 2.1 ∼ 9.4 3.4 ∼ 9.2 0 5.5 ∼ 19 0.6 ∼ 1.0
Ξˇ
′1
c1(
1
2
+
) 0 1 0 1 0 0 0 0 0 0 0
Ξˇ
′
1
c1(
3
2
+
) 0 1 0 1 0 0 0 0 0 0 0
Ξˇ
′
2
c2(
3
2
+
) 0 1 0 1 0 0 5.1 ∼ 7.6 0.8 ∼ 0.8 0 5.8 ∼ 8.4 6.8 ∼ 10
Ξˇ
′
2
c2(
5
2
+
) 0 1 0 1 0 0 0.4 ∼ 0.1 3.7 ∼ 4.3 0 4.2 ∼ 4.4 0.1 ∼ 0.03
Ξˇ 0c1(
1
2
+
) 0 1 0 1 1 0.8 ∼ 17 2.8 ∼ 12 1.1 ∼ 3.1 1.5 ∼ 14 6.2 ∼ 47 2.5 ∼ 4.1
Ξˇ 0c1(
3
2
+
) 0 1 0 1 1 0.8 ∼ 17 0.7 ∼ 3.1 2.8 ∼ 7.8 1.5 ∼ 14 5.8 ∼ 42 0.3 ∼ 0.4
Ξˇ 1c0(
1
2
+
) 0 1 0 1 1 0 0 0 0 0 0
Ξˇ 1c1(
1
2
+
) 0 1 0 1 1 0 0 0 0 0 0
Ξˇ 1c1(
3
2
+
) 0 1 0 1 1 0 0 0 0 0 0
Ξˇ 1c2(
3
2
+
) 0 1 0 1 1 0 0 0 0 0 0
Ξˇ 1c2(
5
2
+
) 0 1 0 1 1 0 0 0 0 0 0
Ξˇ 2c1(
1
2
+
) 0 1 0 1 1 12 ∼ 31 3.4 ∼ 5.1 1.0 ∼ 1.2 12 ∼ 23 28 ∼ 61 3.3 ∼ 4.3
Ξˇ 2c1(
3
2
+
) 0 1 0 1 1 12 ∼ 31 0.8 ∼ 1.3 2.5 ∼ 3.0 12 ∼ 23 27 ∼ 59 0.3 ∼ 0.4
Ξˇ 2c2(
3
2
+
) 0 1 0 1 1 0 7.6 ∼ 11 1.0 ∼ 1.1 0 8.6 ∼ 13 7.6 ∼ 10
Ξˇ 2c2(
5
2
+
) 0 1 0 1 1 0 0.3 ∼ 0.08 5.5 ∼ 6.5 0 5.8 ∼ 6.6 0.05 ∼ 0.01
Ξˇ 2c3(
5
2
+
) 0 1 0 1 1 3.6 ∼ 1.1 0.3 ∼ 0.09 0.08 ∼ 0.02 1.7 ∼ 0.5 5.7 ∼ 1.7 4.6 ∼ 5.1
Ξˇ 2c3(
7
2
+
) 0 1 0 1 1 3.6 ∼ 1.1 0.2 ∼ 0.05 0.1 ∼ 0.02 1.7 ∼ 0.5 5.6 ∼ 1.7 1.9 ∼ 2.1
Eqs. [1-3], there are three possible rearrangements for the
decay process of a Ξc baryon. In the processes (1−2), the
excited charmed baryon decays into a charmed baryon
and a light meson, while the excited charmed baryon de-
cays into a light baryon and a charmed meson in process
(3). In Ref. [20], these three processes are not dealt with
in a proper way. When these three processes are dealt
with differently, the decay width of the ΛD+ mode van-
ishes. Therefore, the assignment of Ξc(3055)
+ with a
Ξˆ′c3(
5
2
+
) or Ξˇ2c3(
5
2
+
) with JP = 52
+
is not suitable, and
the assignment of Ξc(3055)
+ with a Ξˆ′c3(
7
2
+
) or Ξˇ2c3(
7
2
+
)
with JP = 72
+
is not suitable either.
7TABLE IV: Decay widths (MeV) of Ξc(2980)
+ as the 2S-wave excitations. B
′
2 = B(Ξc(2980)
+
→ Ξ
′
0
c pi
+)/B(Ξc(2815)
+
→
Ξc(2645)
0pi+,Ξc(2645)
0
→ Ξ+c pi
−); B2 = B(Ξc(2980)
+
→ Ξ
′
0
c pi
+)/B(Ξc(2980)
+
→ Ξc(2645)
0pi+); B3 = B(Ξc(2980)
+
→
Σc(2455)
++K−)/B(Ξc(2980)
+
→ Ξc(2645)
0pi+)
ΞcJl (J
P ) nλ Lλ nρ Lρ Sρ Ξcpi Ξ
′
cpi Ξc(2645)pi Σc(2455)K ΛcK Γsum B
′
2 B2 B3
Ξ´
′
c1(
1
2
+
) 1 0 0 0 1 0.03 ∼ 3.3 0.4 ∼ 2.8 0.2 ∼ 0.8 0.4 ∼ 0.8 0.09 ∼ 2.7 1.2 ∼ 10 71 ∼ 50% 1.8 ∼ 3.4 2.0 ∼ 1.0
Ξ´
′
c1(
3
2
+
) 1 0 0 0 1 0.03 ∼ 3.3 0.1 ∼ 0.7 0.6 ∼ 2.0 0.1 ∼ 0.2 0.09 ∼ 2.7 0.9 ∼ 8.9 21 ∼ 14% 0.2 ∼ 0.3 0.2 ∼ 0.1
Ξ´c0(
1
2
+
) 1 0 0 0 0 0 0.3 ∼ 2.1 0.7 ∼ 2.4 0.3 ∼ 0.6 0 1.3 ∼ 5.1 43 ∼ 67% 0.5 ∼ 0.9 0.5 ∼ 0.3
Ξ˜c1(
1
2
+
) 0 0 1 0 1 0.3 ∼ 29 3.7 ∼ 25 2.0 ∼ 7.3 4.0 ∼ 7.3 0.8 ∼ 25 11 ∼ 94 71 ∼ 50% 1.8 ∼ 3.4 2.1 ∼ 1.0
Ξ˜c1(
3
2
+
) 0 0 1 0 1 0.3 ∼ 29 0.9 ∼ 6.3 5.1 ∼ 18 1.0 ∼ 1.8 0.8 ∼ 25 8.2 ∼ 80 21 ∼ 14% 0.2 ∼ 0.3 0.2 ∼ 0.1
Ξ˜
′
c0(
1
2
+
) 0 0 1 0 0 0 2.8 ∼ 19 6.1 ∼ 22 3.0 ∼ 5.5 0 12 ∼ 46 43 ∼ 67% 0.5 ∼ 0.9 0.5 ∼ 0.3
4. Ξc(3080)
Ξc(3080)
+ with a width ΓΞc(3080)+ = (3.6± 1.1) MeV
was observed in the Σc(2455)
++K−, Σc(2520)
++K− and
ΛD+ decay channels [31, 34], but was not observed in the
ΛcK channel. In addition, the following ratios of branch-
ing fractions were obtained by Belle [34] collaboration,
ΓΞc(3080)+→ΛD+
ΓΞc(3080)+→Σc(2455)++K−)
= 1.29±0.30(stat)±0.15(sys),
ΓΞc(3080)+→Σc(2520)++K
−
ΓΞc(3080)+→Σc(2455)++K−)
= 1.07±0.27(stat)±0.04(sys).
Numerical results of Ξc(3080) as a 2S-wave excitation
are given in Table VIII. From Table VIII, the three pos-
sibilities with vanish predicted B6 = B(Ξc(3080)
+ →
ΛD+)/B(Ξc(3080)
+ → Σc(2455)
++K−) and large
predicted decay width are not possible. Assign-
ment with Ξ´
′
c1(
1
2
+
) or Ξ´
′
c1(
3
2
+
) is not possible for
the large deviations of B4 = B(Ξc(3080)
+ →
Σc(2520)
++K−)/B(Ξc(3080)
+ → Σc(2455)
++K−) and
B6 = B(Ξc(3080)
+ → ΛD+)/B(Ξc(3080)
+ →
Σc(2455)
++K−) between theory and experiment.
In comparison with experimental data, Ξc(3080)
+ is
very possibly a 2S-wave excitation Ξ´c0(
1
2
+
). In this
assignment, the decay width Γ = (3.6 ∼ 31) MeV
is compatible with the measurement, and the ratios
B4 = B(Ξc(3080)
+ → Σc(2520)
++K−)/B(Ξc(3080)
+ →
Σc(2455)
++K−) = 1.2 ∼ 0.6 and B6 = B(Ξc(3080)
+ →
ΛD+)/B(Ξc(3080)
+ → Σc(2455)
++K−) = 1.7 ∼ 3.1
are in good agreement with the experimental measure-
ments 1.07±0.27(stat)±0.04(sys) and 1.29±0.30(stat)±
0.15(sys), respectively. In particular, the Ξcπ and ΛcK
channels vanish in the assignment.
Numerical results of Ξc(3080) as a D-wave excitation
are given in Table IX. In most analyses of the Ξc baryon
spectrum, Ξc(3080) was interpreted as a D-wave exci-
tation of Ξc with J
P = 52
+
[7, 9, 11, 13, 14, 17] or
JP = 52
−
[12]. In Ref. [19], Ξc(3080)
+ was identified as
the ρ-mode first radial excitation (2S) of Ξc in the chiral
quark model. In Ref. [35], the theoretical result indicated
that Ξc(3080)
+ could not be a D-wave Ξc baryon with
JP = 52
+
. From Table IX, none of the theoretical re-
sult agrees with experimental data, which implies that
Ξc(3080)
+ can not be identified as a D-wave Ξc.
5. Ξc(3123)
Ξc(3123) with a width of 4.4 ± 3.4 ± 1.7 MeV was
observed by BaBar collaboration in the Λ+c K
−π+ mass
spectrum with a significance of 3.6 standard devia-
tions [2], but no evidence for this state was found by Belle
collaboration [4]. It decays through the intermediate res-
onant mode Σc(2520)
++K−, and there was no evidence
8TABLE V: Decay widths (MeV) of Ξc(2980)
+ as the D-wave excitations. B
′
2 = B(Ξc(2980)
+
→ Ξ
′
0
c pi
+)/B(Ξc(2815)
+
→
Ξc(2645)
0pi+,Ξc(2645)
0
→ Ξ+c pi
−); B2 = B(Ξc(2980)
+
→ Ξ
′
0
c pi
+)/B(Ξc(2980)
+
→ Ξc(2645)
0pi+) ; B3 = B(Ξc(2980)
+
→
Σc(2455)
++K−)/B(Ξc(2980)
+
→ Ξc(2645)
0pi+)
ΞcJl(J
P ) nλ Lλ nρ Lρ Sρ Ξcpi Ξ
′
cpi Ξc(2645)pi Σc(2455)K ΛcK Γsum B
′
2 B2 B3
Ξ
′
c1(
1
2
+
) 0 2 0 0 1 1.8 ∼ 6.2 0.6 ∼ 1.2 0.2 ∼ 0.3 0.3 ∼ 0.3 1.8 ∼ 5.0 4.8 ∼ 13 28 ∼ 18% 2.7 ∼ 3.6 1.5 ∼ 1.0
Ξ
′
c1(
3
2
+
) 0 2 0 0 1 1.8 ∼ 6.2 0.2 ∼ 0.3 0.6 ∼ 0.8 0.08 ∼ 0.08 1.8 ∼ 5.0 4.4 ∼ 12 8 ∼ 5% 0.3 ∼ 0.4 0.2 ∼ 0.1
Ξ
′
c2(
3
2
+
) 0 2 0 0 1 0 1.5 ∼ 2.6 0.3 ∼ 0.3 0.7 ∼ 0.7 0 2.5 ∼ 3.7 113 ∼ 124% 5.6 ∼ 8.7 3.0 ∼ 2.4
Ξ
′
c2(
5
2
+
) 0 2 0 0 1 0 0.1 ∼ 0.03 1.3 ∼ 0.0 0 0 1.4 ∼ 1.8 12 ∼ 2% 0.08 ∼ 0.02 0
Ξ
′
c3(
5
2
+
) 0 2 0 0 1 1.0 ∼ 0.3 0.1 ∼ 0.03 0.04 ∼ 0.0 0 0.6 ∼ 0.2 1.7 ∼ 0.6 14 ∼ 11% 3.3 ∼ 3.7 0
Ξ
′
c3(
7
2
+
) 0 2 0 0 1 1.0 ∼ 0.3 0.07 ∼ 0.02 0.05 ∼ 0.01 0 0.6 ∼ 0.2 1.7 ∼ 0.5 8 ∼ 6% 1.4 ∼ 1.6 0
Ξc2(
3
2
+
) 0 2 0 0 0 0 1.0 ∼ 1.8 0.2 ∼ 0.2 0.5 ∼ 0.5 0 1.7 ∼ 2.4 109 ∼ 124% 4.6 ∼ 8.4 2.5 ∼ 2.3
Ξc2(
5
2
+
) 0 2 0 0 0 0 0.2 ∼ 0.04 0.9 ∼ 1.2 0 0 1.1 ∼ 1.2 24 ∼ 5% 0.2 ∼ 0.04 0
Ξˆ
′
c1(
1
2
+
) 0 0 0 2 1 16 ∼ 55 5.8 ∼ 11 2.2 ∼ 2.9 3.0 ∼ 2.8 16 ∼ 44 42 ∼ 115 28 ∼ 18% 2.7 ∼ 3.6 1.5 ∼ 1.0
Ξˆ
′
c1(
3
2
+
) 0 0 0 2 1 16 ∼ 55 1.5 ∼ 2.6 5.4 ∼ 7.3 0.7 ∼ 0.7 16 ∼ 44 39 ∼ 110 8 ∼ 5% 0.3 ∼ 0.4 0.2 ∼ 0.1
Ξˆ
′
c2(
3
2
+
) 0 0 0 2 1 0 13.1 ∼ 24 2.4 ∼ 2.7 6.7 ∼ 6.2 0 22 ∼ 33 112 ∼ 124% 5.6 ∼ 8.7 3.0 ∼ 2.4
Ξˆ
′
c2(
5
2
+
) 0 0 0 2 1 0 1.0 ∼ 0.3 12 ∼ 16 0 0 13 ∼ 16 12 ∼ 3% 0.08 ∼ 0.02 0
Ξˆ
′
c3(
5
2
+
) 0 0 0 2 1 8.7 ∼ 3.1 1.1 ∼ 0.3 0.3 ∼ 0.08 0 5.5 ∼ 1.8 16 ∼ 5.2 14 ∼ 11% 3.3 ∼ 3.7 0
Ξˆ
′
c3(
7
2
+
) 0 0 0 2 1 8.7 ∼ 3.1 0.6 ∼ 0.2 0.5 ∼ 0.1 0 5.5 ∼ 1.8 15 ∼ 5.1 8 ∼ 6% 1.4 ∼ 1.6 0
Ξˆc2(
3
2
+
) 0 0 0 2 0 0 8.7 ∼ 16 1.9 ∼ 1.9 4.5 ∼ 4.2 0 15 ∼ 22 109 ∼ 124% 4.5 ∼ 8.3 2.4 ∼ 2.3
Ξˆc2(
5
2
+
) 0 0 0 2 0 0 1.5 ∼ 0.4 8.1 ∼ 11 0 0 9.5 ∼ 11 24 ∼ 6% 0.2 ∼ 0.04 0
Ξˇ
′
0
c0(
1
2
+
) 0 1 0 1 0 0 1.9 ∼ 13 4.1 ∼ 15 2.0 ∼ 3.7 0 8.0 ∼ 31 43 ∼ 67% 0.5 ∼ 0.9 0.5 ∼ 0.3
Ξˇ
′
1
c1(
1
2
+
) 0 1 0 1 0 0 0 0 0 0 0 · · · · · · · · ·
Ξˇ
′
1
c1(
3
2
+
) 0 1 0 1 0 0 0 0 0 0 0 · · · · · · · · ·
Ξˇ
′
2
c2(
3
2
+
) 0 1 0 1 0 0 5.8 ∼ 11 1.3 ∼ 1.3 3.0 ∼ 2.8 0 10 ∼ 15 109 ∼ 124% 4.5 ∼ 8.3 2.4 ∼ 2.3
Ξˇ
′
2
c2(
5
2
+
) 0 1 0 1 0 0 1.0 ∼ 0.3 5.4 ∼ 7.1 0 0 6.4 ∼ 7.3 24 ∼ 6% 0.2 ∼ 0.04 0
Ξˇ 0c1(
1
2
+
) 0 1 0 1 1 0.2 ∼ 20 2.5 ∼ 17 1.4 ∼ 4.9 2.7 ∼ 4.9 0.6 ∼ 16 7.3 ∼ 62 71 ∼ 50% 1.8 ∼ 3.4 2.1 ∼ 1.1
Ξˇ 0c1(
3
2
+
) 0 1 0 1 1 0.2 ∼ 20 0.6 ∼ 4.2 3.4 ∼ 12 0.7 ∼ 1.2 0.6 ∼ 16 5.5 ∼ 54 21 ∼ 14% 0.2 ∼ 0.3 0.2 ∼ 0.1
Ξˇ 1c0(
1
2
+
) 0 1 0 1 1 0 0 0 0 0 0 · · · · · · · · ·
Ξˇ 1c1(
1
2
+
) 0 1 0 1 1 0 0 0 0 0 0 · · · · · · · · ·
Ξˇ 1c1(
3
2
+
) 0 1 0 1 1 0 0 0 0 0 0 · · · · · · · · ·
Ξˇ 1c2(
3
2
+
) 0 1 0 1 1 0 0 0 0 0 0 · · · · · · · · ·
Ξˇ 1c2(
5
2
+
) 0 1 0 1 1 0 0 0 0 0 0 · · · · · · · · ·
Ξˇ 2c1(
1
2
+
) 0 1 0 1 1 11 ∼ 37 3.9 ∼ 7.0 1.4 ∼ 2.0 2.0 ∼ 1.9 11 ∼ 30 28 ∼ 77 28 ∼ 18% 2.7 ∼ 3.6 1.5 ∼ 1.0
Ξˇ 2c1(
3
2
+
) 0 1 0 1 1 11 ∼ 37 1.0 ∼ 1.8 3.6 ∼ 4.9 0.5 ∼ 0.5 11 ∼ 30 26 ∼ 73 8 ∼ 5% 0.3 ∼ 0.4 0.15 ∼ 0.1
Ξˇ 2c2(
3
2
+
) 0 1 0 1 1 0 8.7 ∼ 16 1.6 ∼ 1.8 4.5 ∼ 4.2 0 15 ∼ 22 112 ∼ 124% 5.6 ∼ 8.7 3.0 ∼ 2.4
Ξˇ 2c2(
5
2
+
) 0 1 0 1 1 0 0.6 ∼ 0.2 7.9 ∼ 11 0 0 8.6 ∼ 11 12 ∼ 3% 0.08 ∼ 0.02 0
Ξˇ 2c3(
5
2
+
) 0 1 0 1 1 5.8 ∼ 2.0 0.7 ∼ 0.2 0.2 ∼ 0.05 0 3.7 ∼ 1.2 10 ∼ 3.5 14 ∼ 11% 3.3 ∼ 3.7 0
Ξˇ 2c3(
7
2
+
) 0 1 0 1 1 5.8 ∼ 2.0 0.4 ∼ 0.1 0.3 ∼ 0.07 0 3.7 ∼ 1.2 10 ∼ 3.4 8 ∼ 6% 1.4 ∼ 1.6 0
in the Λ+c K
− channel. Numerical results of Ξc(3123) are
given in Table X and Table XI. For the poor experimental
information of Ξc(3123), it is impossible to identify this
state. However, we go ahead with the following analy-
ses under an assumption that Ξc(3123) has a small total
decay width (not larger than 10 MeV).
From Table X, Ξc(3123) seems impossible a Ξ´c0(
1
2
+
),
Ξ˜c1(
3
2
+
) or Ξ˜
′
c0(
1
2
+
) for a large predicted decay width.
For a small decay width, Ξc(3123) may be a Ξ´
′
c1(
1
2
+
),
9TABLE VI: Decay widths (MeV) of Ξc(3055)
+ as the 2S-wave excitation in different assignments. B4 = B(Ξc(3055)
+
→
Σc(2520)
++K−)/B(Ξc(3055)
+
→ Σc(2455)
++K−); B5 = B(Ξc(3055)
+
→ Ξc(2645)
0pi+)/B(Ξc(3055)
+
→ Σc(2455)
++K−);
B6 = B(Ξc(3055)
+
→ ΛD+)/B(Ξc(3055)
+
→ Σc(2455)
++K−)
ΞcJl
(JP ) nλ Lλ nρ Lρ Sρ Ξcpi Ξ
′
cpi Ξc(2645)pi Σc(2455)K Σc(2520)K ΛcK ΛD
+ Γsum B4 B5 B6
Ξ´
′
c1(
1
2
+
) 1 0 0 0 1 0.1 ∼ 3.5 0.1 ∼ 4.1 0.2 ∼ 1.6 1.5 ∼ 6.8 0.3 ∼ 0.7 0.09 ∼ 2.9 0.6 ∼ 3.5 2.8 ∼ 23 0.2 ∼ 0.1 0.1 ∼ 0.2 0.6 ∼ 0.8
Ξ´
′
c1(
3
2
+
) 1 0 0 0 1 0.1 ∼ 3.5 0.03 ∼ 1.0 0.5 ∼ 3.9 0.4 ∼ 1.7 0.7 ∼ 1.7 0.09 ∼ 2.9 2.2 ∼ 14 2.8 ∼ 29 2.0 ∼ 1.0 1.2 ∼ 2.3 9.0 ∼ 12
Ξ´c0(
1
2
+
) 1 0 0 0 0 0 0.08 ∼ 3.1 0.5 ∼ 4.7 1.1 ∼ 5.1 0.8 ∼ 2.0 0 1.6 ∼ 11 4.2 ∼ 25 0.8 ∼ 0.4 0.5 ∼ 0.9 2.3 ∼ 3.1
Ξ˜c1(
1
2
+
) 0 0 1 0 1 1.1 ∼ 32 1.0 ∼ 37 1.6 ∼ 14 13 ∼ 61 2.5 ∼ 6.0 0.8 ∼ 26 0 20 ∼ 176 0.2 ∼ 0.1 0.1 ∼ 0.2 0
Ξ˜c1(
3
2
+
) 0 0 1 0 1 1.1 ∼ 32 0.3 ∼ 9.3 4.1 ∼ 35 3.3 ∼ 15 6.3 ∼ 15 0.8 ∼ 26 0 16 ∼ 133 2.0 ∼ 1.0 1.2 ∼ 2.3 0
Ξ˜
′
c0(
1
2
+
) 0 0 1 0 0 0 0.8 ∼ 28 4.9 ∼ 42 9.9 ∼ 46 7.6 ∼ 18 0 0 23 ∼ 134 0.8 ∼ 0.4 0.5 ∼ 0.9 0
TABLE VII: Decay widths (MeV) of Ξc(3055)
+ as the D-wave excitation in different assignments. B4 = B(Ξc(3055)
+
→
Σc(2520)
++K−)/B(Ξc(3055)
+
→ Σc(2455)
++K−); B5 = B(Ξc(3055)
+
→ Ξc(2645)
0pi+)/B(Ξc(3055)
+
→ Σc(2455)
++K−);
B6 = B(Ξc(3055)
+
→ ΛD+)/B(Ξc(3055)
+
→ Σc(2455)
++K−)
ΞcJl
(JP ) nλ Lλ nρ Lρ Sρ Ξcpi Ξ
′
cpi Ξc(2645)pi Σc(2455)K Σc(2520)K ΛcK ΛD
+ Γsum B4 B5 B6
Ξ
′
c1(
1
2
+
) 0 2 0 0 1 1.0 ∼ 7.6 0.6 ∼ 1.9 0.3 ∼ 0.7 1.8 ∼ 2.8 0.4 ∼ 0.4 0.8 ∼ 6.3 19 ∼ 43 24 ∼ 62 0.2 ∼ 0.1 0.2 ∼ 0.2 15 ∼ 23
Ξ
′
c1(
3
2
+
) 0 2 0 0 1 1.0 ∼ 7.6 0.2 ∼ 0.5 0.8 ∼ 1.7 0.5 ∼ 0.7 1.0 ∼ 1.0 0.8 ∼ 6.3 1.2 ∼ 2.7 5.4 ∼ 20 2.2 ∼ 1.5 1.9 ∼ 2.4 3.9 ∼ 5.7
Ξ
′
c2(
3
2
+
) 0 2 0 0 1 0 1.4 ∼ 4.3 0.6 ∼ 0.7 4.1 ∼ 6.3 0.4 ∼ 0.4 0 10 ∼ 24 17 ∼ 36 0.1 ∼ 0.1 0.1 ∼ 0.1 3.9 ∼ 5.7
Ξ
′
c2(
5
2
+
) 0 2 0 0 1 0 0.4 ∼ 0.1 1.9 ∼ 3.7 0.2 ∼ 0.0 2.1 ∼ 2.2 0 0.4 ∼ 0.1 5.6 ∼ 6.1 13 ∼ 53 11 ∼ 86 3.7 ∼ 4.6
Ξ
′
c3(
5
2
+
) 0 2 0 0 1 2.2 ∼ 0.9 0.4 ∼ 0.1 0.2 ∼ 0.06 0.2 ∼ 0.05 0.01 ∼ 0.0 1.7 ∼ 0.7 0.03 ∼ 0.01 4.8 ∼ 1.9 0.1 ∼ 0.0 1.1 ∼ 1.2 0.2 ∼ 0.3
Ξ
′
c3(
7
2
+
) 0 2 0 0 1 2.2 ∼ 0.9 0.3 ∼ 0.08 0.3 ∼ 0.08 0.1 ∼ 0.03 0.01 ∼ 0.0 1.7 ∼ 0.7 1.1 ∼ 0.3 5.6 ∼ 2.2 0.1 ∼ 0.1 2.5 ∼ 2.8 15 ∼ 19
Ξc2(
3
2
+
) 0 2 0 0 0 0 1.0 ∼ 2.9 0.6 ∼ 0.5 2.7 ∼ 4.2 0.3 ∼ 0.3 0 7.0 ∼ 16 12 ∼ 24 0.1 ∼ 0.1 0.2 ∼ 0.1 3.9 ∼ 5.7
Ξc2(
5
2
+
) 0 2 0 0 0 0 0.6 ∼ 0.2 1.4 ∼ 2.5 0.3 ∼ 0.06 1.4 ∼ 1.5 0 0.6 ∼ 0.2 4.3 ∼ 4.4 5.6 ∼ 24 5.4 ∼ 39 3.7 ∼ 4.6
Ξˆ
′
c1(
1
2
+
) 0 0 0 2 1 8.4 ∼ 67 5.7 ∼ 17 3.0 ∼ 6.0 16 ∼ 25 3.5 ∼ 3.6 7.4 ∼ 56 0 44 ∼ 174 0.2 ∼ 0.1 0.2 ∼ 0.2 0
Ξˆ
′
c1(
3
2
+
) 0 0 0 2 1 8.3 ∼ 67 1.4 ∼ 4.2 7.5 ∼ 15 4.1 ∼ 6.2 8.7 ∼ 9.1 7.4 ∼ 56 0 38 ∼ 157 2.2 ∼ 1.5 1.9 ∼ 2.4 0
Ξˆ
′
c2(
3
2
+
) 0 0 0 2 1 0 13 ∼ 38 5.1 ∼ 6.1 37 ∼ 56 3.3 ∼ 3.3 0 0 58 ∼ 103 0.1 ∼ 0.1 0.1 ∼ 0.1 0
Ξˆ
′
c2(
5
2
+
) 0 0 0 2 1 0 3.5 ∼ 1.2 17 ∼ 33 1.5 ∼ 0.4 19 ∼ 20 0 0 41 ∼ 54 12 ∼ 51 11 ∼ 81 0
Ξˆ
′
c3(
5
2
+
) 0 0 0 2 1 20 ∼ 8.8 4.0 ∼ 1.3 1.9 ∼ 0.6 1.8 ∼ 0.4 0.1 ∼ 0.02 16 ∼ 6.9 0 43 ∼ 18 0.1 ∼ 0.0 1.1 ∼ 1.2 0
Ξˆ
′
c3(
7
2
+
) 0 0 0 2 1 20 ∼ 8.8 2.2 ∼ 0.7 2.6 ∼ 0.7 1.0 ∼ 0.3 0.1 ∼ 0.03 16 ∼ 6.9 0 41 ∼ 17 0.1 ∼ 0.1 2.5 ∼ 2.8 0
Ξˆc2(
3
2
+
) 0 0 0 2 0 0 8.6 ∼ 25 5.4 ∼ 4.6 24 ∼ 37 2.3 ∼ 2.2 0 0 41 ∼ 70 0.1 ∼ 0.1 0.2 ∼ 0.1 0
Ξˆc2(
5
2
+
) 0 0 0 2 0 0 5.2 ∼ 1.7 12 ∼ 22 2.3 ∼ 0.6 13 ∼ 13 0 0 33 ∼ 37 5.5 ∼ 23 5.3 ∼ 37 0
Ξˇ
′0
c0(
1
2
+
) 0 1 0 1 0 0 0.5 ∼ 19 3.3 ∼ 28 6.6 ∼ 31 8.7 ∼ 19 0 0 19 ∼ 96 1.3 ∼ 0.6 0.5 ∼ 0.9 0
Ξˇ
′1
c1(
1
2
+
) 0 1 0 1 0 0 0 0 0 0 0 0 0 · · · · · · · · ·
Ξˇ
′1
c1(
3
2
+
) 0 1 0 1 0 0 0 0 0 0 0 0 0 · · · · · · · · ·
Ξˇ
′2
c2(
3
2
+
) 0 1 0 1 0 0 5.8 ∼ 17 3.6 ∼ 3.1 16 ∼ 25 1.5 ∼ 1.5 0 0 27 ∼ 46 0.1 ∼ 0.1 0.2 ∼ 0.1 0
Ξˇ
′2
c2(
5
2
+
) 0 1 0 1 0 0 3.5 ∼ 1.2 8.3 ∼ 15 1.5 ∼ 0.4 8.4 ∼ 8.7 0 0 22 ∼ 25 5.5 ∼ 23 5.3 ∼ 37 0
Ξˇ 0c1(
1
2
+
) 0 1 0 1 1 0.8 ∼ 21 0.7 ∼ 25 1.1 ∼ 9.4 8.8 ∼ 41 2.9 ∼ 6.3 0.5 ∼ 18 0 15 ∼ 120 0.3 ∼ 0.2 0.1 ∼ 0.2 0
Ξˇ 0c1(
3
2
+
) 0 1 0 1 1 0.8 ∼ 21 0.2 ∼ 6.2 2.7 ∼ 23 2.2 ∼ 10 7.2 ∼ 16 0.5 ∼ 17 0 14 ∼ 94 3.4 ∼ 1.6 1.2 ∼ 2.3 0
Ξˇ 1c0(
1
2
+
) 0 1 0 1 1 0 0 0 0 0 0 0 0 · · · · · · · · ·
Ξˇ 1c1(
1
2
+
) 0 1 0 1 1 0 0 0 0 0 0 0 0 · · · · · · · · ·
Ξˇ 1c1(
3
2
+
) 0 1 0 1 1 0 0 0 0 0 0 0 0 · · · · · · · · ·
Ξˇ 1c2(
3
2
+
) 0 1 0 1 1 0 0 0 0 0 0 0 0 · · · · · · · · ·
Ξˇ 1c2(
5
2
+
) 0 1 0 1 1 0 0 0 0 0 0 0 0 · · · · · · · · ·
Ξˇ 2c1(
1
2
+
) 0 1 0 1 1 5.6 ∼ 45 3.8 ∼ 11 2.0 ∼ 4.0 11 ∼ 17 2.3 ∼ 2.4 4.9 ∼ 37 0 30 ∼ 116 0.2 ∼ 0.1 0.2 ∼ 0.2 0
Ξˇ 2c1(
3
2
+
) 0 1 0 1 1 5.6 ∼ 45 1.0 ∼ 2.8 5.0 ∼ 10 2.7 ∼ 4.2 5.8 ∼ 6.1 4.9 ∼ 37 0 25 ∼ 105 2.2 ∼ 1.5 1.9 ∼ 2.4 0
Ξˇ 2c2(
3
2
+
) 0 1 0 1 1 0 8.6 ∼ 25 3.4 ∼ 4.1 24 ∼ 37 2.2 ∼ 2.2 0 0 39 ∼ 69 0.1 ∼ 0.1 0.1 ∼ 0.1 0
Ξˇ 2c2(
5
2
+
) 0 1 0 1 1 0 2.3 ∼ 0.8 12 ∼ 22 1.0 ∼ 0.3 13 ∼ 13 0 0 28 ∼ 36 12 ∼ 51 11 ∼ 81 0
Ξˇ 2c3(
5
2
+
) 0 1 0 1 1 13 ∼ 5.8 2.7 ∼ 0.9 1.3 ∼ 0.4 1.2 ∼ 0.3 0.1 ∼ 0.01 11 ∼ 4.6 0 29 ∼ 12 0.1 ∼ 0.0 1.1 ∼ 1.2 0
Ξˇ 2c3(
7
2
+
) 0 1 0 1 1 13 ∼ 5.8 1.5 ∼ 0.5 1.7 ∼ 0.5 0.7 ∼ 0.2 0.1 ∼ 0.02 11 ∼ 4.6 0 28 ∼ 12 0.1 ∼ 0.1 2.5 ∼ 2.8 0
TABLE VIII: Decay width (MeV) of Ξc(3080)
+ as the 2S-wave excitation in different assignments. B4 = B(Ξc(3080)
+
→
Σc(2520)
++K−)/B(Ξc(3080)
+
→ Σc(2455)
++K−); B5 = B(Ξc(3080)
+
→ Ξc(2645)
0pi+)/B(Ξc(3080)
+
→ Σc(2455)
++K−);
B6 = B(Ξc(3080)
+
→ ΛD+)/B(Ξc(3080)
+
→ Σc(2455)
++K−)
ΞcJl
(JP ) nλ Lλ nρ Lρ Sρ Ξcpi Ξ
′
cpi Ξc(2645)pi Σc(2455)K Σc(2520)K ΛcK ΛD
+ Γsum B4 B5 B6
Ξ´
′
c1(
1
2
+
) 1 0 0 0 1 0.3 ∼ 3.4 0.04 ∼ 4.4 0.1 ∼ 1.7 1.3 ∼ 8.2 0.4 ∼ 1.2 0.2 ∼ 2.8 0.3 ∼ 4.3 2.7 ∼ 26 0.3 ∼ 0.1 0.1 ∼ 0.2 0.4 ∼ 0.8
Ξ´
′
c1(
3
2
+
) 1 0 0 0 1 0.3 ∼ 3.4 0.01 ∼ 1.1 0.4 ∼ 4.4 0.3 ∼ 2.1 1.0 ∼ 2.9 0.2 ∼ 2.8 1.4 ∼ 17 3.5 ∼ 34 3.1 ∼ 1.4 1.2 ∼ 2.1 6.6 ∼ 13
Ξ´c0(
1
2
+
) 1 0 0 0 0 0 0.03 ∼ 3.3 0.4 ∼ 5.2 0.9 ∼ 6.2 1.2 ∼ 3.5 0 1.0 ∼ 13 3.6 ∼ 31 1.2 ∼ 0.6 0.5 ∼ 0.8 1.7 ∼ 3.1
Ξ˜c1(
1
2
+
) 0 0 1 0 1 2.3 ∼ 31 0.4 ∼ 39 1.3 ∼ 16 11 ∼ 74 3.5 ∼ 10 1.9 ∼ 25 0 22 ∼ 196 0.3 ∼ 0.1 0.1 ∼ 0.2 0
Ξ˜c1(
3
2
+
) 0 0 1 0 1 2.3 ∼ 31 0.1 ∼ 9.9 3.2 ∼ 39 2.8 ∼ 19 8.7 ∼ 26 1.9 ∼ 25 0 19 ∼ 150 3.1 ∼ 1.4 1.2 ∼ 2.1 0
Ξ˜
′
c0(
1
2
+
) 0 0 1 0 0 0 0.3 ∼ 30 3.9 ∼ 47 8.5 ∼ 56 10 ∼ 31 0 0 23 ∼ 163 1.2 ∼ 0.6 0.5 ∼ 0.8 0
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TABLE IX: Decay width (MeV) of Ξc(3080)
+ as the D-wave excitation in different assignments. B4 = B(Ξc(3080)
+
→
Σc(2520)
++K−)/B(Ξc(3080)
+
→ Σc(2455)
++K−); B5 = B(Ξc(3080)
+
→ Ξc(2645)
0pi+)/B(Ξc(3080)
+
→ Σc(2455)
++K−);
B6 = B(Ξc(3080)
+
→ ΛD+)/B(Ξc(3080)
+
→ Σc(2455)
++K−)
ΞcJl
(JP ) nλ Lλ nρ Lρ Sρ Ξcpi Ξ
′
cpi Ξc(2645)pi Σc(2455)K Σc(2520)K ΛcK ΛD
+ Γsum B4 B5 B6
Ξ
′
c1(
1
2
+
) 0 2 0 0 1 0.7 ∼ 7.8 0.6 ∼ 2.1 0.3 ∼ 0.8 1.9 ∼ 3.5 0.6 ∼ 0.7 0.6 ∼ 6.4 20 ∼ 56 24 ∼ 77 0.3 ∼ 0.2 0.2 ∼ 0.2 15 ∼ 24
Ξ
′
c1(
3
2
+
) 0 2 0 0 1 0.7 ∼ 7.8 0.2 ∼ 0.5 0.9 ∼ 1.9 0.5 ∼ 0.9 1.5 ∼ 1.8 0.6 ∼ 6.4 1.2 ∼ 3.5 5.6 ∼ 23 3.2 ∼ 2.1 1.8 ∼ 2.2 3.8 ∼ 6.0
Ξ
′
c2(
3
2
+
) 0 2 0 0 1 0 1.3 ∼ 4.7 0.7 ∼ 0.8 4.4 ∼ 7.8 0.6 ∼ 0.7 0 11 ∼ 31 18 ∼ 45 0.1 ∼ 0.1 0.2 ∼ 0.1 3.8 ∼ 6.0
Ξ
′
c2(
5
2
+
) 0 2 0 0 1 0 0.5 ∼ 0.2 2.0 ∼ 4.2 0.3 ∼ 0.08 3.3 ∼ 3.9 0 0.9 ∼ 0.3 7.0 ∼ 8.6 11 ∼ 49 6.5 ∼ 51 4.4 ∼ 5.8
Ξ
′
c3(
5
2
+
) 0 2 0 0 1 2.6 ∼ 1.2 0.6 ∼ 0.2 0.3 ∼ 0.08 0.4 ∼ 0.09 0.04 ∼ 0.01 2.1 ∼ 1.0 0.07 ∼ 0.02 6.0 ∼ 2.5 0.1 ∼ 0.1 0.8 ∼ 0.9 0.3 ∼ 0.4
Ξ
′
c3(
7
2
+
) 0 2 0 0 1 2.6 ∼ 1.2 0.3 ∼ 0.1 0.4 ∼ 0.1 0.2 ∼ 0.05 0.06 ∼ 0.01 2.1 ∼ 1.0 2.4 ∼ 0.8 8.0 ∼ 3.2 0.3 ∼ 0.3 2.0 ∼ 2.2 18 ∼ 23
Ξc2(
3
2
+
) 0 2 0 0 0 0 0.9 ∼ 3.1 0.8 ∼ 0.6 2.9 ∼ 5.2 0.5 ∼ 0.5 0 7.3 ∼ 21 12 ∼ 30 0.2 ∼ 0.1 0.3 ∼ 0.1 3.8 ∼ 6.0
Ξc2(
5
2
+
) 0 2 0 0 0 0 0.7 ∼ 0.3 1.5 ∼ 2.8 0.5 ∼ 0.1 2.2 ∼ 2.6 0 1.4 ∼ 0.5 6.3 ∼ 6.2 4.9 ∼ 22 3.2 ∼ 23 4.4 ∼ 5.8
Ξˆ
′
c1(
1
2
+
) 0 0 0 2 1 6.5 ∼ 69 5.3 ∼ 18 3.1 ∼ 6.8 17 ∼ 31 5.5 ∼ 6.4 5.3 ∼ 56 0 43 ∼ 188 0.3 ∼ 0.2 0.2 ∼ 0.2 0
Ξˆ
′
c1(
3
2
+
) 0 0 0 2 1 6.5 ∼ 69 1.3 ∼ 4.6 7.6 ∼ 17 4.3 ∼ 7.7 14 ∼ 16 5.3 ∼ 56 0 39 ∼ 171 3.2 ∼ 2.1 1.8 ∼ 2.2 0
Ξˆ
′
c2(
3
2
+
) 0 0 0 2 1 0 12 ∼ 41 6.1 ∼ 7.1 39 ∼ 70 5.4 ∼ 5.9 0 0 63 ∼ 124 0.1 ∼ 0.1 0.2 ∼ 0.1 0
Ξˆ
′
c2(
5
2
+
) 0 0 0 2 1 0 4.5 ∼ 1.6 18 ∼ 37 2.8 ∼ 0.8 30 ∼ 35 0 0 55 ∼ 74 11 ∼ 46 6.4 ∼ 48 0
Ξˆ
′
c3(
5
2
+
) 0 0 0 2 1 23 ∼ 11 5.1 ∼ 1.8 2.7 ∼ 0.8 3.2 ∼ 0.9 0.4 ∼ 0.09 19 ∼ 9.1 0 54 ∼ 24 0.1 ∼ 0.1 0.8 ∼ 0.9 0
Ξˆ
′
c3(
7
2
+
) 0 0 0 2 1 23 ∼ 11 2.9 ∼ 1.0 3.6 ∼ 1.1 1.8 ∼ 0.5 0.5 ∼ 0.1 19 ∼ 9.1 0 51 ∼ 23 0.3 ∼ 0.3 2.0 ∼ 2.2 0
Ξˆc2(
3
2
+
) 0 0 0 2 0 0 8.0 ∼ 28 6.9 ∼ 5.6 26 ∼ 46 4.0 ∼ 4.0 0 0 45 ∼ 84 0.2 ∼ 0.1 0.3 ∼ 0.1 0
Ξˆc2(
5
2
+
) 0 0 0 2 0 0 6.7 ∼ 2.4 13 ∼ 25 4.2 ∼ 1.1 20 ∼ 23 0 0 44 ∼ 52 4.8 ∼ 20 3.1 ∼ 22 0
Ξˇ
′0
c0(
1
2
+
) 0 1 0 1 0 0 0.2 ∼ 20 2.6 ∼ 31 5.7 ∼ 37 12 ∼ 33 0 0 21 ∼ 121 2.2 ∼ 0.9 0.5 ∼ 0.8 0
Ξˇ
′1
c1(
1
2
+
) 0 1 0 1 0 0 0 0 0 0 0 0 0 · · · · · · · · ·
Ξˇ
′1
c1(
3
2
+
) 0 1 0 1 0 0 0 0 0 0 0 0 0 · · · · · · · · ·
Ξˇ
′2
c2(
3
2
+
) 0 1 0 1 0 0 5.3 ∼ 18 4.6 ∼ 3.7 17 ∼ 31 2.7 ∼ 2.7 0 0 30 ∼ 56 0.2 ∼ 0.1 0.3 ∼ 0.1 0
Ξˇ
′2
c2(
5
2
+
) 0 1 0 1 0 0 4.5 ∼ 1.6 8.8 ∼ 17 2.8 ∼ 0.8 13 ∼ 15 0 0 29 ∼ 35 4.8 ∼ 20 3.1 ∼ 22 0
Ξˇ 0c1(
1
2
+
) 0 1 0 1 1 1.6 ∼ 21 0.3 ∼ 26 0.9 ∼ 10 7.6 ∼ 49 4.0 ∼ 11 1.3 ∼ 17 0 16 ∼ 135 0.5 ∼ 0.2 0.1 ∼ 0.2 0
Ξˇ 0c1(
3
2
+
) 0 1 0 1 1 1.6 ∼ 21 0.07 ∼ 6.6 2.1 ∼ 26 1.9 ∼ 12 10 ∼ 27 1.3 ∼ 17 0 17 ∼ 110 5.4 ∼ 2.2 1.2 ∼ 2.1 0
Ξˇ 1c0(
1
2
+
) 0 1 0 1 1 0 0 0 0 0 0 0 0 · · · · · · · · ·
Ξˇ 1c1(
1
2
+
) 0 1 0 1 1 0 0 0 0 0 0 0 0 · · · · · · · · ·
Ξˇ 1c1(
3
2
+
) 0 1 0 1 1 0 0 0 0 0 0 0 0 · · · · · · · · ·
Ξˇ 1c2(
3
2
+
) 0 1 0 1 1 0 0 0 0 0 0 0 0 · · · · · · · · ·
Ξˇ 1c2(
5
2
+
) 0 1 0 1 1 0 0 0 0 0 0 0 0 · · · · · · · · ·
Ξˇ 2c1(
1
2
+
) 0 1 0 1 1 4.3 ∼ 46 3.5 ∼ 12 2.0 ∼ 4.5 12 ∼ 21 3.6 ∼ 4.3 3.5 ∼ 37 0 29 ∼ 125 0.3 ∼ 0.2 0.2 ∼ 0.2 0
Ξˇ 2c1(
3
2
+
) 0 1 0 1 1 4.3 ∼ 46 0.9 ∼ 3.1 5.1 ∼ 11 2.9 ∼ 5.2 9.1 ∼ 11 3.5 ∼ 37 0 26 ∼ 114 3.2 ∼ 2.1 1.8 ∼ 2.2 0
Ξˇ 2c2(
3
2
+
) 0 1 0 1 1 0 8.0 ∼ 28 4.1 ∼ 4.8 26 ∼ 46 3.6 ∼ 3.9 0 0 42 ∼ 83 0.1 ∼ 0.1 0.2 ∼ 0.1 0
Ξˇ 2c2(
5
2
+
) 0 1 0 1 1 0 3.0 ∼ 1.1 12 ∼ 25 1.9 ∼ 0.5 20 ∼ 23 0 0 37 ∼ 49 11 ∼ 46 6.4 ∼ 48 0
Ξˇ 2c3(
5
2
+
) 0 1 0 1 1 16 ∼ 7.3 3.4 ∼ 1.2 1.8 ∼ 0.5 2.1 ∼ 0.6 0.3 ∼ 0.06 13 ∼ 4.6 0 36 ∼ 16 0.1 ∼ 0.1 0.8 ∼ 0.9 0
Ξˇ 2c3(
7
2
+
) 0 1 0 1 1 16 ∼ 7.3 1.9 ∼ 0.7 2.4 ∼ 0.7 1.2 ∼ 0.3 0.4 ∼ 0.08 13 ∼ 4.6 0 34 ∼ 15 0.3 ∼ 0.3 2.0 ∼ 2.2 0
TABLE X: Decay width (MeV) of Ξc(3123)
+ as the 2S-wave excitation in different assignments. B4 = B(Ξc(3123)
+
→
Σc(2520)
++K−)/B(Ξc(3123)
+
→ Σc(2455)
++K−); B5 = B(Ξc(3123)
+
→ Ξc(2645)
0pi+)/B(Ξc(3123)
+
→ Σc(2455)
++K−);
B6 = B(Ξc(3123)
+
→ ΛD+)/B(Ξc(3123)
+
→ Σc(2455)
++K−)
ΞcJl
(JP ) nλ Lλ nρ Lρ Sρ Ξcpi Ξ
′
cpi Ξc(2645)pi Σc(2455)K Σc(2520)K ΛcK ΛD
+ Γsum B4 B5 B6
Ξ´
′
c1(
1
2
+
) 1 0 0 0 1 0.7 ∼ 3.1 0.01 ∼ 4.7 0.05 ∼ 2.1 0.5 ∼ 11 0.4 ∼ 2.2 0.7 ∼ 2.4 0.0 ∼ 5.1 2.4 ∼ 30 0.8 ∼ 0.2 0.1 ∼ 0.2 0.0 ∼ 0.7
Ξ´
′
c1(
3
2
+
) 1 0 0 0 1 0.7 ∼ 3.1 0.0 ∼ 1.2 0.1 ∼ 5.2 0.1 ∼ 2.7 1.0 ∼ 5.5 0.7 ∼ 2.4 0.01 ∼ 20 2.7 ∼ 40 7.6 ∼ 2.1 1.1 ∼ 1.9 0.1 ∼ 11
Ξ´c0(
1
2
+
) 1 0 0 0 0 0 0.01 ∼ 3.5 0.2 ∼ 6.2 0.4 ∼ 8.0 1.2 ∼ 6.7 0 0.01 ∼ 15 1.8 ∼ 40 3.0 ∼ 0.8 0.4 ∼ 0.8 0.0 ∼ 2.8
Ξ˜c1(
1
2
+
) 0 0 1 0 1 6.6 ∼ 28 0.08 ∼ 42 0.5 ∼ 19 4.9 ∼ 96 3.6 ∼ 20 6.3 ∼ 22 0 22 ∼ 227 0.8 ∼ 0.2 0.1 ∼ 0.2 0
Ξ˜c1(
3
2
+
) 0 0 1 0 1 6.6 ∼ 28 0.02 ∼ 11 1.2 ∼ 47 1.2 ∼ 24 9.1 ∼ 50 6.3 ∼ 22 0 24 ∼ 181 7.6 ∼ 2.1 1.1 ∼ 1.9 0
Ξ˜
′
c0(
1
2
+
) 0 0 1 0 0 0 0.06 ∼ 31 1.5 ∼ 56 3.7 ∼ 72 11 ∼ 60 0 0 16 ∼ 220 3.0 ∼ 0.8 0.4 ∼ 0.8 0
Ξ´
′
c1(
3
2
+
) or Ξ´c0(
1
2
+
). In these assignments, the observa-
tion of Ξcπ and ΛcK modes and measurements of the
branching fraction ratios B4, B5 and B6 are important to
identify this state.
Numerical results in Table XI suggest that Ξc(3123) is
very possibly a Ξ
′
c1(
3
2
+
) or Ξc2(
3
2
+
) with quantum num-
bers JP = 32
+
. Ξc(3123) could be a Ξ
′
c2(
5
2
+
), Ξ
′
c3(
5
2
+
)
or Ξc2(
5
2
+
) with quantum numbers JP = 52
+
. It may be
a Ξ
′
c3(
7
2
+
) with quantum numbers JP = 72
+
. In these
assignments, the observation of Ξcπ and ΛcK modes and
measurement of some branching fraction ratios are also
important for its identification.
In the calculation of P -wave, D-wave and 2S-wave of
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TABLE XI: Decay width (MeV) of Ξc(3123)
+ as the D-wave excitation in different assignments. B4 = B(Ξc(3123)
+
→
Σc(2520)
++K−)/B(Ξc(3123)
+
→ Σc(2455)
++K−); B5 = B(Ξc(3123)
+
→ Ξc(2645)
0pi+)/B(Ξc(3123)
+
→ Σc(2455)
++K−);
B6 = B(Ξc(3123)
+
→ ΛD+)/B(Ξc(3123)
+
→ Σc(2455)
++K−)
ΞcJl
(JP ) nλ Lλ nρ Lρ Sρ Ξcpi Ξ
′
cpi Ξc(2645)pi Σc(2455)K Σc(2520)K ΛcK ΛD
+ Γsum B4 B5 B6
Ξ
′
c1(
1
2
+
) 0 2 0 0 1 0.3 ∼ 8.0 0.5 ∼ 2.4 0.3 ∼ 1.0 1.9 ∼ 4.8 0.9 ∼ 1.5 0.2 ∼ 6.4 16 ∼ 78 20 ∼ 102 0.5 ∼ 0.3 0.2 ∼ 0.2 13 ∼ 24
Ξ
′
c1(
3
2
+
) 0 2 0 0 1 0.3 ∼ 8.0 0.1 ∼ 0.6 0.8 ∼ 2.4 0.5 ∼ 1.2 2.3 ∼ 3.6 0.2 ∼ 6.4 1.0 ∼ 4.9 5.2 ∼ 27 5.0 ∼ 3.0 1.7 ∼ 2.0 3.2 ∼ 6.1
Ξ
′
c2(
3
2
+
) 0 2 0 0 1 0 1.0 ∼ 5.3 1.0 ∼ 1.1 4.2 ∼ 11 1.2 ∼ 1.4 0 8.8 ∼ 44 16 ∼ 62 0.3 ∼ 0.1 0.2 ∼ 0.1 3.2 ∼ 6.1
Ξ
′
c2(
5
2
+
) 0 2 0 0 1 0 0.8 ∼ 0.3 2.0 ∼ 5.3 0.8 ∼ 0.2 5.1 ∼ 7.9 0 2.7 ∼ 1.2 11 ∼ 15 6.4 ∼ 33 2.5 ∼ 22 5.1 ∼ 7.1
Ξ
′
c3(
5
2
+
) 0 2 0 0 1 3.5 ∼ 1.8 0.9 ∼ 0.4 0.6 ∼ 0.2 0.9 ∼ 0.3 0.3 ∼ 0.07 3.0 ∼ 1.6 0.2 ∼ 0.08 9.3 ∼ 4.4 0.3 ∼ 0.2 0.6 ∼ 0.6 0.3 ∼ 0.4
Ξ
′
c3(
7
2
+
) 0 2 0 0 1 3.5 ∼ 1.8 0.5 ∼ 0.2 0.8 ∼ 0.2 0.5 ∼ 0.2 0.4 ∼ 0.09 3.0 ∼ 1.6 7.0 ∼ 3.0 16 ∼ 7.1 0.7 ∼ 0.6 1.4 ∼ 1.5 20 ∼ 29
Ξc2(
3
2
+
) 0 2 0 0 0 0 0.7 ∼ 3.6 1.2 ∼ 0.9 2.8 ∼ 7.2 1.1 ∼ 1.0 0 5.9 ∼ 29 12 ∼ 42 0.4 ∼ 0.1 0.4 ∼ 0.1 3.2 ∼ 6.1
Ξc2(
5
2
+
) 0 2 0 0 0 0 1.2 ∼ 0.5 1.6 ∼ 3.6 0.2 ∼ 0.4 3.5 ∼ 5.3 0 4.1 ∼ 1.7 12 ∼ 11 3.0 ∼ 15 1.3 ∼ 9.8 5.1 ∼ 7.1
Ξˆ
′
c1(
1
2
+
) 0 0 0 2 1 2.8 ∼ 70 4.1 ∼ 21 2.9 ∼ 8.5 17 ∼ 43 8.3 ∼ 13 1.7 ∼ 55 0 36 ∼ 210 0.5 ∼ 0.3 0.2 ∼ 0.2 0
Ξˆ
′
c1(
3
2
+
) 0 0 0 2 1 2.8 ∼ 70 1.0 ∼ 5.2 7.1 ∼ 21 4.2 ∼ 11 21 ∼ 32 1.7 ∼ 55 0 37 ∼ 195 5.0 ∼ 3.1 1.7 ∼ 2.0 0
Ξˆ
′
c2(
3
2
+
) 0 0 0 2 1 0 9.2 ∼ 47 8.9 ∼ 9.8 37 ∼ 96 10 ∼ 12 0 0 66 ∼ 165 0.3 ∼ 0.1 0.2 ∼ 0.1 0
Ξˆ
′
c2(
5
2
+
) 0 0 0 2 1 0 7.3 ∼ 2.9 18 ∼ 47 7.2 ∼ 2.3 46 ∼ 70 0 0 79 ∼ 122 6.3 ∼ 31 2.5 ∼ 20 0
Ξˆ
′
c3(
5
2
+
) 0 0 0 2 1 32 ∼ 17 8.3 ∼ 3.3 5.0 ∼ 1.7 8.3 ∼ 2.6 2.4 ∼ 0.6 27 ∼ 15 0 83 ∼ 40 0.3 ∼ 0.2 0.6 ∼ 0.6 0
Ξˆ
′
c3(
7
2
+
) 0 0 0 2 1 32 ∼ 17 4.7 ∼ 1.9 6.8 ∼ 2.3 4.7 ∼ 1.5 3.3 ∼ 0.8 27 ∼ 15 0 78 ∼ 39 0.7 ∼ 0.6 1.4 ∼ 1.5 0
Ξˆc2(
3
2
+
) 0 0 0 2 0 0 6.1 ∼ 31 11 ∼ 8.3 25 ∼ 64 9.5 ∼ 9.0 0 0 52 ∼ 113 0.4 ∼ 0.1 0.4 ∼ 0.1 0
Ξˆc2(
5
2
+
) 0 0 0 2 0 0 11 ∼ 4.3 15 ∼ 32 11 ∼ 3.4 32 ∼ 47 0 0 68 ∼ 87 2.9 ∼ 14 1.3 ∼ 9.2 0
Ξˇ
′0
c0(
1
2
+
) 0 1 0 1 0 0 0.04 ∼ 21 1.0 ∼ 37 2.4 ∼ 48 13 ∼ 63 0 0 17 ∼ 170 5.4 ∼ 1.3 0.4 ∼ 0.8 0
Ξˇ
′1
c1(
1
2
+
) 0 1 0 1 0 0 0 0 0 0 0 0 0 · · · · · · · · ·
Ξˇ
′1
c1(
3
2
+
) 0 1 0 1 0 0 0 0 0 0 0 0 0 · · · · · · · · ·
Ξˇ
′2
c2(
3
2
+
) 0 1 0 1 0 0 4.1 ∼ 21 7.5 ∼ 5.5 17 ∼ 43 6.4 ∼ 6.0 0 0 35 ∼ 75 0.4 ∼ 0.1 0.4 ∼ 0.1 0
Ξˇ
′2
c2(
5
2
+
) 0 1 0 1 0 0 7.3 ∼ 2.9 9.7 ∼ 21 7.2 ∼ 2.3 21 ∼ 31 0 0 45 ∼ 58 2.9 ∼ 14 1.3 ∼ 9.2 0
Ξˇ 0c1(
1
2
+
) 0 1 0 1 1 4.4 ∼ 19 0.06 ∼ 28 0.3 ∼ 12 3.3 ∼ 64 4.4 ∼ 21 4.2 ∼ 14 0 17 ∼ 159 1.4 ∼ 0.3 0.1 ∼ 0.2 0
Ξˇ 0c1(
3
2
+
) 0 1 0 1 1 4.4 ∼ 19 0.01 ∼ 7.0 0.8 ∼ 31 0.8 ∼ 16 11 ∼ 53 4.2 ∼ 14 0 21 ∼ 140 14 ∼ 3.3 1.1 ∼ 1.9 0
Ξˇ 1c0(
1
2
+
) 0 1 0 1 1 0 0 0 0 0 0 0 0 · · · · · · · · ·
Ξˇ 1c1(
1
2
+
) 0 1 0 1 1 0 0 0 0 0 0 0 0 · · · · · · · · ·
Ξˇ 1c1(
3
2
+
) 0 1 0 1 1 0 0 0 0 0 0 0 0 · · · · · · · · ·
Ξˇ 1c2(
3
2
+
) 0 1 0 1 1 0 0 0 0 0 0 0 0 · · · · · · · · ·
Ξˇ 1c2(
5
2
+
) 0 1 0 1 1 0 0 0 0 0 0 0 0 · · · · · · · · ·
Ξˇ 2c1(
1
2
+
) 0 1 0 1 1 1.9 ∼ 47 2.7 ∼ 13 1.9 ∼ 5.7 11 ∼ 28 5.5 ∼ 8.6 1.1 ∼ 37 0 24 ∼ 140 0.5 ∼ 0.3 0.2 ∼ 0.2 0
Ξˇ 2c1(
3
2
+
) 0 1 0 1 1 1.9 ∼ 47 0.7 ∼ 3.5 4.8 ∼ 14 2.8 ∼ 7.1 14 ∼ 22 1.1 ∼ 37 0 25 ∼ 130 5.0 ∼ 3.1 1.7 ∼ 2.0 0
Ξˇ 2c2(
3
2
+
) 0 1 0 1 1 0 6.1 ∼ 31 5.9 ∼ 6.5 25 ∼ 64 7.0 ∼ 8.3 0 0 44 ∼ 110 0.3 ∼ 0.1 0.2 ∼ 0.1 0
Ξˇ 2c2(
5
2
+
) 0 1 0 1 1 0 4.8 ∼ 1.9 12 ∼ 31 4.8 ∼ 1.5 31 ∼ 47 0 0 53 ∼ 82 6.3 ∼ 31 2.5 ∼ 20 0
Ξˇ 2c3(
5
2
+
) 0 1 0 1 1 21 ∼ 11 5.5 ∼ 2.2 3.4 ∼ 1.1 5.5 ∼ 1.7 1.6 ∼ 0.4 18 ∼ 10 0 55 ∼ 27 0.3 ∼ 0.2 0.6 ∼ 0.6 0
Ξˇ 2c3(
7
2
+
) 0 1 0 1 1 21 ∼ 11 3.1 ∼ 1.2 4.5 ∼ 1.5 3.1 ∼ 1.0 2.2 ∼ 0.6 18 ∼ 10 0 52 ∼ 26 0.7 ∼ 0.6 1.4 ∼ 1.5 0
excited Ξc, it is found that only the excited Ξc without
ρ mode excitation (with quantum numbers (nρ, Lρ) =
(0, 0)) may decay into ΛD+. The width of other excited
Ξc with non-vanish (nρ, Lρ) decaying into ΛD
+ mode
vanishes.
IV. CONCLUSIONS AND DISCUSSIONS
Many excited charmed strange baryons Ξc(2790),
Ξc(2815), Ξc(2930), Ξc(2980), Ξc(3055), Ξc(3080) and
Ξc(3123) have been reported and there are many inter-
pretations of them. The strong decay properties of these
baryons as possible P -wave excited Ξc candidates have
been systematically studied in a 3P0 model in Ref. [23].
In the reference, Ξc(2790) and Ξc(2815) were assigned
with a P -wave excited Ξc1(
1
2
−
) and Ξc1(
3
2
−
), respec-
tively. Ξc(2930) and Ξc(2980) may be a P -wave exci-
tation of Ξc, while Ξc(3055), Ξc(3080) and Ξc(3123) can
not be a P -wave excitation of Ξc. As an extension, the
strong decay properties of Ξc(2930), Ξc(2980), Ξc(3055),
Ξc(3080) and Ξc(3123) as possible first radially excited
2S-wave and 1D-wave Ξc baryons have been systemat-
ically studied in the 3P0 model in this paper. In com-
parison with experimental data, possible configurations
of Ξc(2930), Ξc(2980), Ξc(3055), Ξc(3080) and Ξc(3123)
have been analyzed. Some useful branching fraction ra-
tios to distinguish these different configurations have also
been calculated.
For Ξc(2930), Ξc(2980), Ξc(3055), Ξc(3080) and
Ξc(3123), the main conclusions are as follows:
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1, Ξc(2930) may be a P -wave, D-wave or 2S-wave
excitation of Ξc though this signal was found only
by BaBar collaboration. From limited experimen-
tal information, Ξc(2930) may be a 2S-wave excita-
tion, Ξ˜c1(
1
2
+
) or Ξ˜c1(
3
2
+
). In order to distinguish
these two possibilities, measurements of the different ra-
tios, B2 = B(Ξc(2930)
+ → Ξ
′0
c π
+)/B(Ξc(2930)
+ →
Ξc(2645)
0π+) = 2.5 ∼ 4.1 for Ξ˜c1(
1
2
+
) and the B2 =
0.3 ∼ 0.4 for Ξ˜c1(
3
2
+
), will be helpful.
It is also possibly a D-wave excited Ξˆ
′
c1(
1
2
+
), Ξˇ 0c1(
1
2
+
)
, Ξˇ 2c1(
1
2
+
), Ξˆ
′
c1(
3
2
+
), Ξˇ 0c1(
3
2
+
) or Ξˇ 2c1(
3
2
+
). With these
two different JP quantum numbers, the ratios B2 =
B(Ξc(2930)
+ → Ξ
′0
c π
+)/B(Ξc(2930)
+ → Ξc(2645)
0π+)
are different. Therefore, measurements of these ratios
in the future are important for the identification of
Ξc(2930).
2, Ξc(2980)
+ may be a P -wave, D-wave or 2S-wave
excitation of Ξc. Ξc(2980)
+ is very possibly a radial ex-
citation Ξ˜c1(
1
2
+
) or Ξ˜
′
c0(
1
2
+
) with JP = 12
+
. In these as-
signment, Ξc(2980)
+ has a total decay width and branch-
ing fraction ratio B′2 comparable with experimental data
from Belle collaboration. Ξc(2980)
+ could be assigned
as Ξˇ
′0
c0(
1
2
+
) or Ξˇ 0c1(
1
2
+
) with JP = 12
+
in the case as
a D-wave excitation. In these assignments, Ξc(2980)
+
has a total decay width and branching fraction ratio B′2
comparable with experimental data from the Belle col-
laboration.
3, Ξc(3055)
+ may be a 2S-wave excitation Ξ´
′
c1(
3
2
+
)
or Ξ´c0(
1
2
+
). Ξc(3055)
+ can also be a D-wave excitation
Ξ
′
c1(
3
2
+
), Ξ
′
c2(
5
2
+
), Ξc2(
3
2
+
) or Ξc2(
5
2
+
).
4, Ξc(3080)
+ is very possibly a 2S-wave excitation,
Ξ´c0(
1
2
+
), and seems not a D-wave excitation of Ξc. In
this assignment, the decay width Γ = (3.6 ∼ 31) MeV
is compatible with the measurement, and the ratios
B4 = B(Ξc(3080)
+ → Σc(2520)
++K−)/B(Ξc(3080)
+ →
Σc(2455)
++K−) = 1.2 ∼ 0.6 and B6 = B(Ξc(3080)
+ →
ΛD+)/B(Ξc(3080)
+ → Σc(2455)
++K−) = 1.7 ∼ 3.1
are in good agreement with the experimental measure-
ments 1.07±0.27(stat)±0.04(sys) and 1.29±0.30(stat)±
0.15(sys), respectively. In particular, the Ξcπ and ΛcK
channels vanish in this assignment.
5, for the poor experimental information of Ξc(3123), it
is not possible to identify this state. However, if Ξc(3123)
has a small decay width, it may be a 2S-wave or D-wave
excitation of Ξc. Ξc(3123) could be a 2S-wave excitation
Ξ´
′
c1(
1
2
+
), Ξ´
′
c1(
3
2
+
) or Ξ´c0(
1
2
+
). It could be a Ξ
′
c1(
3
2
+
) or
Ξc2(
3
2
+
) with JP = 32
+
. Ξc(3123) could be a Ξ
′
c2(
5
2
+
),
Ξ
′
c3(
5
2
+
) or Ξc2(
5
2
+
) with JP = 52
+
. It may be a Ξ
′
c3(
7
2
+
)
with JP = 72
+
. In these assignments, the observation of
Ξcπ and ΛcK modes and measurements of some branch-
ing fraction ratios are also important for its identification.
In order to identify these excited Ξc, more experiments
on their confirmation, masses and total decay widths are
required. In particular, some important branching frac-
tion ratios for the identification must be measured also
in the future.
Acknowledgments
This work is supported by National Natural Science
Foundation of China under the grants No: 11475111 and
No: 11075102.
[1] C. Patrignani et al. (Particle Data Group), Chin. Phys.
C, 40, 100001 (2016).
[2] B. Aubert et al. (BaBar Collaboration), Phys. Rev. D
77, 031101 (R)(2008).
[3] B. Aubert et al. (BaBar Collaboration), Phys. Rev. D
77, 012002 (2008).
[4] Y. Kato et al. (Belle Collaboration), Phys. Rev. D 89,
052003 (2014).
[5] B. Silvestre-Brac, Few-Body Syst. 20, 1 (1996).
[6] S. Migura, D. Merten, B. Metsch and H.-R. Petry, Eur.
13
Phys. J. A 28, 41 (2006).
[7] D. Ebert, R.N. Faustova and V.O. Galkin, Phys. Lett. B
659, 612 (2008); Phys. Rev. D 84, 014025 (2011).
[8] W. Roberts and M. Pervin, Int. J. Mod. Phys. A 23,
2817 (2008).
[9] Xin-Heng Guo, Ke-Wei Wei and Xin-HuaWu, Phys. Rev.
D 78, 056005 (2008).
[10] Jian-Rong Zhang and Ming-Qiu Huang, Phys. Rev. D
78, 094015 (2008).
[11] Deng-Xia Wang, Xue-Feng Li and Ailin Zhang, AIP
Conf. Proc, 1388, 318 (2011)
[12] Hua-Xing Chen, Wei Chen, Qiang Mao, Atsushi Hosaka,
Xiang Liu and Shi-Lin Zhu, Phys. Rev. D 91, 054034
(2015).
[13] Bing Chen, Ke-Wei Wei and Ailin Zhang, Eur. Phys. J.
A 51, 82 (2015).
[14] Hua-Xing Chen, Qiang Mao, Atsushi Hosaka, Xiang Liu
and Shi-Lin Zhu, Phys. Rev. D 94, 114016 (2016).
[15] Z. Shah, K. Thakkar, A.K. Rai and P.C. Vinodkumar,
Eur. Phys. J. A 52, 313 (2016).
[16] Bing Chen, Xiang Liu and Ailin Zhang, Phys. Rev. D
95, 074022 (2017).
[17] Hai-Yang Cheng and Chun-Khiang Chua, Phys. Rev. D
75, 014006 (2007); Phys. Rev. D 92, 074014 (2015).
[18] Chong Chen, Xiao-Lin Chen, Xiang Liu, Wei-Zhen Deng
and Shi-Lin Zhu, Phys. Rev. D 75, 094017 (2007).
[19] Lei-Hua Liu, Li-Ye Xiao and Xian-Hui Zhong, Phys. Rev.
D 86, 034024 (2012).
[20] Ze Zhao, Dan-Dan Ye and Ailin Zhang, Phys. Rev. D
94, 114020 (2016).
[21] Hua-Xing Chen, Qiang Mao, Wei Chen, A. Hosaka, Xi-
ang Liu and Shi-Lin Zhu, Phys. Rev. D 95, 094008
(2017).
[22] Zhi-Gang Wang, arXiv: 1705.07745.
[23] Dan-Dan Ye, Ze Zhao and Ailin Zhang, arXiv:
1709.00689.
[24] Kai-Lei Wang, Ya-Xiong Yao, Xian-Hui Zhong and Qiang
Zhao, arXiv: 1709.04268.
[25] L. Micu, Nucl. Phys. B 10, 521 (1969).
[26] A. Le Yaouanc, L. Oliver, O. Pe`ne and J.C. Raynal, Phys.
Rev. D 8, 2223 (1973); 9, 1415 (1974); 11, 1272 (1975).
[27] A. Le Yaouanc, L. Oliver, O. Pe`ne and J.C. Raynal, Phys.
Lett. 71, 397 (1977); 72, 57 (1977).
[28] A. Le Yaouanc, L. Oliver, O. Pe`ne and J.C. Raynal,
Hadron Transitions in the Quark Model (Gordon and
Breach Science Publishers, New York, 1987).
[29] Ze Zhao, Dan-Dan Ye and Ailin Zhang, Phys. Rev. D 95,
114024 (2017).
[30] S. Capstick and W. Roberts, Phys. Rev. D 47, 1994
(1993); 49, 4570 (1994).
[31] R. Chistov et al. (Belle Collaboration), Phys. Rev. Lett.
97, 162001 (2006).
[32] T. Lesiak et al. (Belle Collaboration), Phys. Lett. B 665,
9 (2008).
[33] Y. Kato et al. (Belle Collaboration), Phys. Rev. D 94,
052011 (2016).
[34] Y. Kato et al. (Belle Collaboration), Phys. Rev. D 94,
0320002 (2016).
[35] Bing Chen, Xiang Liu and Ailin Zhang, Phys. Rev. D
95, 074022 (2017).
